Introduction 50
Puberty represents a key stage in mammalian ontogeny during which a variety of 51 endocrinological, physiological, and behavioural changes occur [1] . It is marked by the 7 148 our sample mature at the same rate, or if there is evidence for different ontological strategies 149 in terms of hormone profiles, skeletal growth and the production of subcaudal gland secretion 150 (as reported in other species: [16] ). Head-body length (to the nearest 5mm), zygomatic arch width (to the nearest 1mm), 174 and body weight (to the nearest 100g) were measured for all captured individuals, and a Body 175 Condition Index (BCI) was calculated as log 10 (weight)/log 10 (body length). Subcaudal gland 176 secretion was scooped out of the subcaudal pouch using a rounded stainless-steel spatula 177 [32], and the volume estimated by eye to the nearest 0.05 ml. The spatula was disinfected 178 between individuals using absolute ethanol [60] . External Genitalia Morphology (EGM) was 179 recorded in both sexes and categorised according to Sugianto et al. [36] in females as normal, 180 intermediate or swollen vulva, and in males as ascended, intermediate or descended testes. 181 Male bacculum length, testes length, width and scrotal thickness were measured (in mm), and 182 the testicular volume was calculated (in mm 3 ) as (L x W x H) x 0.71, where L= testicle length 183 -scrotal pinch, W= testicle width -scrotal pinch, and H = testicle width -scrotal pinch [61] . were standardized to account for circadian variation in hormonal profiles [36] [37] , and blood 191 samples were centrifuged within 30 minutes of sampling at 10°C for 10 min under 2,500 192 rpm/ 1470G. Plasma was transferred into Eppendorf tubes and frozen at -20°C immediately. and 6.05 % (low); inter-assay variation (repeated measurements of high and low-value 208 quality controls across plates) was 13.96 % (high) and 13.62 % (low) respectively.
209
Testosterone was measured in microtitre plates coated with anti-testosterone R156/7 210 (OEM-Concepts, UK). Samples (un-extracted) were analysed by dilution in 1:4 assay buffer.
211
Duplicate 50µl aliquots of testosterone standards (2.3-600 pg/well), samples and quality 212 controls were then combined with 50µl horseradish peroxidase (testosterone-HRP) as label.
213
After incubation in the dark at room temperature for 2 hours, plates were washed 5 times and 214 blotted dry, followed by addition of HRP-substrate (100 µL) to each well. Plates were 215 covered and incubated at room temperature until the '0' wells reached 1.0 optical density and 216 were then read at 405 nm, using a Spectrophotometer (Opsys MR; Dynex). Assay sensitivity 217 at 90% binding was 1.6 pg. The testosterone intra-assay coefficients of variation were 14.69 10 218 % (high) and 6.18 % (low), and inter-assay variation of high and low-value quality controls 219 was 9.15 % (high) and 5.23 % (low).
221
Statistical analysis 222 All statistical analyses were performed using RStudio (0.99.896) and R (R-3.2.4).
223
Patterns of residuals, normality, and mean variance for each model were checked using R 224 diagnostic plots. Generalized Additive Models (GAM) were used to generate trend lines for 225 sex steroid levels (males: testosterone; females: oestrone) against age (3-28 months) using a Our GAM average trends (above) provided a legitimate basis of hormonal 240 heterochrony in both sexes, where some cubs appeared to reach puberty earlier than others 241 (i.e., the existence of two discrete groups that differ in their sex-steroid hormone levels at a 11 242 certain age: high levels above and low levels below the GAM line benchmark, providing two 243 developmental categories, or phenotypes). However, because endocrinological sample sizes 244 were limited, we also repeated all analyses described below on EGM-based groups at the age 245 of 11 months during their first mating season, which enhanced sample sizes. That is, in 246 addition to comparing cubs with high vs low sex-steroid levels we also compared male cubs 247 with ascended vs descended testes and female cubs with a normal vs swollen vulva; Somatic growth 251 We subsequently compared head-body length, zygomatic arch width, BCI, and 252 subcaudal secretion volume between these two groups using a linear model (including year as 253 a factor to account for established inter-annual variation in growth patterns: [49, 52] to 254 determine potential concurrent differences in physical development at the point of hormonal 255 divergence. If significant differences were found in any of the skeletal size measures, the 256 differences in head-body length and zygomatic arch width between adult size (above 28 257 months) to the size at the age at which divergence occurred were calculated in all individuals 258 and compared between the respective groups, to determine heterochronous residual growth 259 between the two groups. We then constructed growth curves for repeatedly captured Where individuals were not recaptured at this precise target-age (within the 28 months 264 period), we used the closest recapture point available for these analyses. 
Results

275
Endocrinological changes during the first 28 months 276 As predicted, throughout their first summer, all cubs had significantly lower sex-277 steroid levels than did adults. However, at the age of 11-12 months, i.e. during their first 278 mating season, male cubs showed a small peak in testosterone (GAM: Edf= 8.631, R-279 sq.(adj)= 0.566, GCV= 2.230, Deviance explained= 59.9%, p<0.001, Fig 1) , which was then 280 followed by the seasonal pattern of testosterone levels typical for adult males (high in spring 281 and summer, and low in autumn: [37]), with a pronounced peak that reached levels typical for 282 adults during their second mating season (22-28 months). In males, testicular volume started to increase markedly at the age of 11 months (from 320 848.69±475.20 mm 3 at the age of 4-6 months n=12 ; 1331.27±1289.97 mm 3 at the age of 7-9 321 month n=32 ; to an average of 3449.73±1572.04 mm 3 at 11 months n=18 ) and peaked during the Subcaudal gland activity during the first 28 months 338 Both sexes started producing subcaudal gland secretion at a similar age (during first 339 capture at 3 months; Fig 6) . Nevertheless, secretion volume was very low (unmeasurable traces in males and 0.04±0.09 ml in females n=72 ) and increased only slowly towards their first 341 mating season at age 11 months (0.38±0.36 ml in males n=41 and 0.19±0.13 ml in females n=47 ). Endocrinological evidence for early and late developers 363 In both sexes, some individuals appeared to reach puberty earlier than others 364 evidencing the existence of two endocrinological phenotypes: early-and late developers ( Fig   16   365 1, 2), clustering into two distinct trait types according to the GAM line benchmark which 366 exposed significantly different sex-steroid levels (for detailed results see Table 1 and 2).
367
However, the age at which these early-and late development categories became apparent, 368 differed between male and female cubs. For males, some (3/7= 42.9%) cubs reached puberty 369 during their first year (HT, testosterone levels above the GAM line at 11 months of age), 370 while the remainder reached puberty during their second year (LT, testosterone levels below 371 the GAM line at 11 months, reaching pubescent levels at 22-28 months of age; Fig 1) . In Comparing the extent of somatic development between the two endocrinological 390 phenotypes (at age 11 months), we found that HT males (n=3) had significantly larger head-391 body length than LT cubs (n=4), were larger overall, and showed a near significant difference 392 in zygomatic arch width and BCI; but did not differ in the volume of subcaudal gland 393 secretion they produced.
394
To test whether the early (endocrinological) development of individuals assigned to 395 the HT group was simply the product of a more rapid development to adult size and were not 396 just larger cubs but indeed early-developers (and were thus closer to being fully developed, 397 sexually mature adults), we compared the differences in head-body length and zygomatic 398 arch width at the age above 28 months (i.e., fully developed adults) with those of cubs 399 assigned to HT-and LT endocrinological categories at the age of 11 months. The difference 400 in these measurements between HT-cubs and adults was significantly smaller than in LT-cubs 401 and adults, confirming that HT-cubs were closer to being fully developed adults (see Table 1 ). months, when growth rates of HT-and LT-males equalised (Fig 7) . We repeated these analyses based on the degree of testicular descent at the age of 11 415 months, comparing cubs that had fully descended testes (DT; assumed to have reached 416 puberty; n=18) with those that had ascended testes (AT; assumed to have not reached 417 puberty; n=13). Overall, these showed similar differences in somatic development to 418 categories arising according to endocrinological groups (for detailed results see Table 1 ). DT 419 cubs were considerably longer (head-body length), were in significantly better body 420 condition/BCI, and had significantly more subcaudal secretion at 11 months of age than AT 421 males; but no difference was found in zygomatic arch width. DT cubs also had significantly 422 smaller adult-cub differences in head-body length and zygomatic arch width than AT cubs, 423 which corroborated that (like HT-males) they were closer to adulthood.
424
Mirroring the trend found in the endocrinological phenotypes, there was a significant 425 difference in the growth curve of these two groups (Fig 8; X In contrast, for females, we detected no (significant) differences between any of the 436 somatic parameters, nor for subcaudal gland volume, when comparing between the early 437 (n HO = 9) and late (n LO = 8) developing endocrinological phenotypes (see Table 2 ). To ensure 438 that the somatic similarity found between the two endocrinological phenotypes was not an 439 artefact of the smaller sample size for our endocrinological dataset, we used vulva category at 440 the ages between 15-18 months as the criteria defining stage of development. Again, on this 441 basis, we also found no significant differences (see Table 2 ) in any somatic parameters nor 442 subcaudal gland volume between SV cubs (n= 24) and NV (n=152), evidencing that both 443 vulva condition types exhibited similar body size by age.
444
However, because some female cubs first exhibit vulval swelling at the age of 11 445 months (n SV =2, n NV =34), we repeated these analyses (see Table 2 ) at this younger age, but 446 again found no significant difference in BCI, head-body length, nor subcaudal gland volume, 447 although we did detect a slight difference in zygomatic arch between these groups.
449
Social factors influencing the timing of puberty 450 At the age of 11 months (see Table 3 ), testosterone levels in male cubs tended to be 451 lower in larger natal social groups and setts, albeit without statistical significance, although and sett repectively). That is, cubs born/ growing up in smaller social groups and/ or setts 457 may be more likely to be early developers than those born/ growing up in larger groups/ setts.
458
Using degree of testicular descent at the age of 11 months instead of the endocrinological 459 phenotype, however, suggested no trend (see Table 3 ). Female cubs showed only very weak negative relationships between oestrone levels at 23 464 the age of 15-18 months with the number of adults resident in their natal social group and sett, 465 as well as the number of other cubs in their natal social group and sett. When cubs were 466 categorised on the basis of their EGM at the age of 15-18 months, again no effects were 467 found (see Table 3 ).
469
Discussion 470 We demonstrate that, in badgers, puberty begins in both sexes at ca. 11 months of age, positing that the observed abrupt decrease in bacculum growth rate coincides with sexual 490 maturity; although their post-mortem study was unable to verify this conclusion through 491 endocrinological measurements.
492
In contrast, in females, we observed a gradual increase in oestrone from the age of 3- groups where individuals experience less social stress and competition [80] . 566 We thus conclude that the asynchronous timing of puberty, leading to two 567 heterochronous phenotypes, can occur even within a single population, and is likely caused 568 by individuals attaining the required minimum body size according to different time scales.
569
Ultimately, capacity to breed at a young(er) age can have profound effects on life-history 
